An experimental investigation of thermal contact resistance of the aluminum honeycomb (made of Al3104-H19 and Al3003-H16) sandwiched by two aluminum blocks was conducted with the honeycomb specimens aligned in either axial or lateral orientations. Honeycombs adopted in this study include two different cell diameters (d c ), 6.3 and 12.7 mm, as well as two different axial heights (H z ), 7.8 and 14.8 mm. For the axial tests, honeycomb sandwich specimens were jointed by four or eight pieces of bolts with an applied torque ranged from 1 to 6 N m. The interfacial contact pressures of axial honeycombs under different bolt-joined conditions were measured by the pressure-measuring films. For the lateral tests, the honeycomb was simply inserted between two aluminum blocks without using bolts to fasten. Results show that due to the anisotropic nature in heat conduction and the close contact provided by bolted joints, the total thermal conductance of axial honeycomb is greater than that of honeycomb in the lateral orientation under the condition with the same specimen height. An increase of either the cell diameter or specimen height of honeycombs leads to a decrease of the axial total conductance. Moreover, the axial total conductance was substantially enhanced by a double of the number of bolts used in the assembly of honeycomb specimens. However, the influence of bolt torque on the axial total conductance was observed only for the honeycomb with d c ¼ 6:3 mm and H z ¼ 7:8 mm. Due to the difference in specimen joint conditions, the thermal contact resistance between the solid aluminum surface and a lateral honeycomb is larger than that with an axial honeycomb. Under the conditions tested in this study, the thermal contact resistance of honeycombs in the axial direction appears to be one order of magnitude smaller than the total resistance. Nevertheless, the contribution of the lateral contact resistance of honeycombs to the total resistance was quite significant, especially for the specimen with a small height. It was found that the contact pressure of bolt-joined honeycombs in the interface increases evidently with an increase of either the bolt torque or the number of bolts. The empirical correlations between contact pressure and applied torque were also obtained for different joint conditions.
Introduction
Honeycomb cellular materials have been known for the extensive use in many lightweight structures, such as satellites, aircraft, and high-speed trains. They are also efficient in the applications of impact energy absorption [1, 2] and sound insulation [3] . In addition, due to their exceptional characteristics in heat transfer, honeycombs have been employed in compact heat exchangers [4] , solar collectors [5] , thermal insulators [6] , and catalytic burners [7] . All of these applications involve a junction or an interface between the honeycomb and the joining material. Therefore, a thorough thermal analysis of any of these systems would require knowledge of both the thermal conductance of honeycombs and the interfacial contact resistance between the honeycomb and joining material.
A review of literature on the thermal conductance [8] [9] [10] [11] [12] has indicated a lack of experimental data of thermal contact resistance and total thermal conductance for honeycomb materials. Most of the previous studies on the thermal transport properties of honeycomb structures were analytically investigated. Lu [4] studied the transport of heat in aluminum honeycombs subjected to convective cooling using a corrugated wall model. Solutions were obtained for the thermal fields and overall heat transfer coefficients as functions of cell morphological parameters and heat transfer conditions. The apparent thermal conductivities of various cellular structures, including anisotropic honeycombs, Voronoi cells, and Johnson-Mehl models, were first calculated by Lu and Chen [13] . In the absence of forced convection, Lu and Chen [13] pointed out that the transport of heat across a honeycomb structure is dominated by conduction along the solid cell walls and thermal radiation among the cell walls. However, the contribution of thermal radiation is negligible even at relatively high temperatures ($600°C). Torquato et al. [14] applied the homogenization theory and discrete network analyses to study the effective thermal conductivity of honeycombs with a hexagonal, triangular, or square cell. Lakhal et al. [15] numerically studied the natural convection and conduction in inclined enclosures bounded by a honeycomb structure. The effect of natural convection within the honeycomb cells is negligible when the cell sizes are small (<10 mm) [16] . A model evaluating the effects of wall thickness, aspect ratio, and absorptivity of the wall on the radiative heat transfer across transparent honeycomb insulation materials was proposed by Kaushika and Arulanantham [6] .
Because of the anisotropic nature of honeycomb structures, the underlying mechanisms associated with heat conduction across honeycombs are complicated. This paper presents the measured results of an experimental investigation of the effective thermal conductivity and thermal conductance of honeycomb specimens in atmosphere, as well as the thermal contact resistance of honeycombs sandwiched by two aluminum blocks. The specific objectives of this research were to study the effects of specimen specification and joint condition on the heat conduction properties of honeycombs. Experimental parameters associated with the honeycomb specimen included the cell size, height, and material. In order to explore the influence of interfacial contact, experiments were conducted with honeycomb specimens assembled in different joint patterns, including the variations in the number of bolts, bolt-shaft diameter, torque applied on bolts, and honeycomb orientation.
Method of approach

Experimental setup
The experimental setup, shown in Fig. 1 , along with the details of the facility construction, operation, and accuracy, have been previously reported by Yeh et al. [17] . The test facility, consisting of a guard heater, a main heater, a test specimen, two copper disks, and a heat sink, was vertically aligned on the base plate. Both main and guard heaters were made of copper cylinders and were equipped with two 140 W cartridge heaters. During the experiment, the guard heater was maintained at the same temperature as the main heater to eliminate the axial heat losses. The heat sink located at the bottom of test samples was accomplished with a temperature-controlled copper cylinder, which was cooled by a steady flow of cold water circulated through a chiller system.
Honeycomb specimens
Five types of honeycomb specimens with hexagonal cells were used in this study. Fig. 2 showing one unit cell of a hexagonal honeycomb. The axial height of specimens represents the z-direction (axial) dimension of honeycombs. For the Al3003-H16 honeycomb, the cell size and axial height are 12.7 and 7.8 mm, respectively. As shown in Fig. 2 , the honeycomb has non-uniform thickness of cell walls; that is, four walls of thickness t, and two walls of thickness 2t. This was caused by the manufacturing process of honeycombs through the corrugated metal sheets. The wall thickness, t, of honeycomb cells was 0.07 mm for all five specimens. As illustrated in Fig. 2 , the x and y directions (also known as the lateral directions) are defined in the directions parallel and normal to corrugation, respectively. The z direction (i.e., the axial direction) is defined as the direction perpendicular to the x-y plane. The density of honeycomb listed in Table 1 was calculated by the following equation [18] :
where l is the length of one edge of a honeycomb hexagon and q s is the density of honeycomb material, which was taken as 2.7 g/cm 3 for aluminum alloys.
Axial heat transfer tests
In the experiments, a honeycomb specimen was sandwiched by two aluminum (alloy 6061-T6) blocks with a square cross-section (63:5 Â 63:5 mm) and a height of 50 mm, as shown in Fig. 1 . These two aluminum blocks not only provided contact surfaces with the honeycomb, but also served as the heat flux meters. In order to measure the axial heat transport properties of honeycombs, the honeycomb was placed in a way of the hexagonal cells perpendicular to the contact surfaces of aluminum blocks. In other words, the heat flux was in a direction parallel to the z-coordinate of honeycombs. This type of sandwich structure with an axial honeycomb core is the most commonly used configuration for the honeycomb applications. Under this type of test conditions, the honeycomb specimen and two aluminum blocks were jointed by four or eight bolts. The bolts were made of low carbon steel (AISI 1010 steel). The thermal conductivity of AISI 1010 steel is about 49.8 W/m K, which is much lower than that (170 W/ m K) of aluminum alloy used in this study. In this study, two different sizes of bolts with shaft diameters of 5 and 8 mm were used. Equal torque was applied on each bolt and the magnitude of torque (s) was ranged from 1 to 6 N m for the honeycomb specimens with d c ¼ 6:3 mm. For the honeycombs with d c ¼ 12:7 mm, the torque on each bolt was only up to about 3.5 N m, due to a lower crush strength for the specimens with a larger cell size. The torque was precisely measured by a torque wrench (Rahsol Dremometer Nr. 753) with the measurement range of 1-12 N m. After fastening the test assembly, two copper disks were placed on the top and bottom of the assembled specimen to accommodate the bolt heads and nuts. Another purpose of these two copper disks was to provide flat surfaces to make contact with the main heater and heat sink block.
In the assembled specimen, each aluminum block was instrumented with three K-type thermocouples with a known distance between each other, as shown in Fig. 1 . The thermocouples were mounted in holes perpendicular to the axis of symmetry of the aluminum blocks. The accommodation holes were drilled to allow the thermocouple to be able to measure the center temperature at a cross-section of the aluminum block. In addition, in order to measure the effective thermal conductivity of honeycombs, two or three K-type cement-on thermocouples (Omega Co.), depending upon the height of specimens, were attached on the different positions of honeycomb cell walls for the surface temperature measurement. The T H1 and T H2 , shown in Fig. 1 , represent two cement-on thermocouples used to measure the wall temperatures of the honeycomb sample.
Lateral heat transfer tests
For the measurement of heat conduction properties in the lateral direction of honeycombs, the honeycomb specimen was sandwiched in such an orientation that the direction of heat flux was parallel to the y-direction of honeycomb cells. This arrangement of honeycomb orientation has been employed in the development of compact heat exchangers for the heat dissipation of high power electronics [4] . Because the pressure resistance (typically 0.2 MPa) of aluminum honeycombs was quite low in the lateral (x and y) directions [19] , the lateral honeycomb specimen was simply inserted between two aluminum blocks without using bolts to fasten. Therefore, the loading pressure on the honeycomb specimen was accounted for both the atmospheric pressure and the weight of the upper aluminum block. The honeycomb specimens were carefully prepared to have flat contact surfaces with aluminum blocks, and the thickness of honeycombs between two aluminum blocks was specified in terms of the cell diameter. In this study, experiments were conducted with the honeycomb thickness (i.e, the lateral height, H y ) varied from one cell-diameter height to a lateral height equal to 2.5d c for the honeycomb specimen with d c ¼ 6:3 mm.
Data acquisition and analysis
In the experiment, the heater temperatures were set at between 200 and 250°C, which corresponded to the heat flux ranged from 4 to 6.5 kW/m 2 . Experimental data were taken when the temperature profile of test specimens achieved a steady-state condition, which was assumed to have been reached when none of the measured temperatures in the test specimens varied by more than 0.2°C over a 1-h period [17] . The temperature gradients in both heat flux meters (i.e., aluminum blocks) were obtained by applying a linear least-square fit to the measured centerline temperatures. To determine the temperature drop (DT ) across the honeycomb specimen, the temperature profiles of both aluminum blocks were extrapolated to the upper and lower junction surfaces with the honeycomb specimen, respectively. Based upon the FourierÕs law, temperature gradients and thermal conductivity of aluminum 6061-T6 were used to calculate the heat flux through each heat flux meter. An average of these two fluxes was used as an estimate of the heat flux across the honeycomb specimen. It was found in this study that the heat fluxes obtained from both aluminum blocks generally agreed to within 10%. Under the assumption of uniform heat loss in the whole test assembly, the heat loss across the honeycomb sample is less than 1%. This verifies that the test assembly was well insulated and the test duration of about 5$6 h was long enough to reach a steady-state one-dimensional heat transfer condition.
The total thermal conductance (h t ) of a honeycomb specimen sandwiched by aluminum blocks (Al/HC/Al) is defined as the ratio of the mean heat flux (q) across the honeycomb specimen to the temperature difference as follows:
The thermal resistance is referred to as the reciprocal of thermal conductance. Therefore, the total thermal resistance (R t ) of a honeycomb sandwich assembly can be written as
where R Al=HC is the interfacial thermal contact resistance between upper aluminum block and honeycomb specimen, while R HC=Al is the interfacial contact resistance between honeycomb specimen and lower aluminum specimen. The R HC is the thermal resistance of honeycomb specimen and can be expressed as a function of the effective thermal conductivity and the height of honeycomb. That is,
where H is the height of honeycomb, and k eff is the effective thermal conductivity of honeycomb.
Since the contact conditions of the upper and lower interfaces between the honeycomb specimen and two aluminum blocks were nearly the same, it was reasonable to assume that
As a result, the thermal contact resistance (R c ) between the aluminum surface and the honeycomb specimen can be obtained as
From Eq. (6), it is apparent that the total thermal conductance (h t ) of Al/HC/Al and the effective thermal conductivity of honeycomb (k eff ) were measured in this study and the honeycomb height ðH Þ was known. Therefore, the thermal contact resistance (R c ) between the aluminum block and the honeycomb specimen can be deduced.
Measurement of interfacial contact pressure
The importance of interfacial pressure to the contact resistance has been well recognized. In this study, the contact pressure in the bolt-joined junction with the axial honeycomb was measured by the pressuremeasuring film (Fuji Prescale Film, Type: LW). With a Prescale film inserted between the honeycomb specimen and the aluminum block, once the torque was applied on bolts, the exerted pressure results in a color development on the film. The color density is a function of the magnitude of pressure. The calibration and image analysis procedures to convert the color density into the pressure were previously described [17] . In this study, the average axial pressure exerted on the honeycomb specimen was determined as a function of the bolt torque (s), bolt size ðDÞ, and the number of bolts ðN Þ.
Results and discussion
Temperature measurement and effective thermal conductivity
Figs. 4 and 5 show the axial temperature distributions of upper and lower aluminum blocks and the temperature drops (DT ) across the sandwiched honeycomb specimens in the axial and lateral orientations, respectively. As indicated in these two figures, the temperature drop across the honeycomb specimen assembled laterally is substantially larger than that aligned axially. This is partly because of the difference in the joint condition of honeycomb specimens. Four or eight bolts were used to sandwich the honeycomb specimen axially between two aluminum blocks, while in the lateral arrangement the honeycomb was simply inserted between two aluminum blocks. Based upon the previous study [17] , the bolted joint could provide a very close interfacial contact, resulting in a relatively small temperature difference across the interface. In part, this could be due to the anisotropic nature in heat conduction of the honeycomb. This explanation will be further justified by the measured results of effective thermal conductivity discussed below.
Measured effective thermal conductivities (k eff ) of honeycomb specimens in both axial and lateral directions were summarized in Table 2 . It was found that the effective thermal conductivity in the axial (z) direction of honeycombs is larger than that in the lateral (y) direction of honeycombs. This result implies that under the same heat flux the temperature gradient in the axial direction of a honeycomb should be smaller than that in the lateral direction. In addition, the honeycomb with a smaller cell size yields a higher effective thermal conductivity, due to a lower void ratio. It is useful to note that the calculated values listed in Table 2 were based upon the following equations [13] , with an assumption of the hexagonal honeycomb. 
A good agreement was obtained between the measured and calculated results. The minor discrepancy might be caused by the fact that not every honeycomb cell in the test specimens was a perfect hexagon.
Axial total thermal conductance
The total thermal conductance (h t;z ) in the axial direction of honeycomb specimens sandwiched by two aluminum blocks with four pieces of 8 mm bolts is presented in Fig. 6 as a function of applied torque. As shown in Fig. 6 , under the condition of test specimens with the same height, the axial total conductance is noticeably higher for the honeycombs with a cell diameter (d c ) of 6.3 mm than that with d c ¼ 12:7 mm. This was mainly due to the greater effective thermal conductivity (k eff ) of the honeycomb with a smaller cell di- , an increase of torque yielded almost no enhancement of the interfacial contact. In addition, as shown in Fig. 6 , the axial total conductance of honeycombs made of Al3104-H19 alloy is greater than that of Al3003-H16 honeycombs, because the thermal conductivity of Al3104-H19 alloy is higher.
Effects of the joint condition on the axial total thermal conductance are presented in Figs. 7 and 8. For the honeycomb specimens with d c ¼ 6:3 mm, as shown in Fig. 7 , an increase of either the bolt-shaft diameter (from 5 to 8 mm) or the number of bolts (from 4 to 8) yields an obvious increase of the axial total conductance. Moreover, the total conductance increases with increasing torque for all three joint patterns. Similarly, for the honeycomb specimens with d c ¼ 12:7 mm, as shown in Fig. 8 , an increase of the number of bolts results in an appreciable increase of total conductance. However, under the joint condition with the same number of bolts (N ¼ 4 in Fig. 8 ), the total conductance of honeycombs with d c ¼ 12:7 mm is not particularly affected by the increase in bolt-shaft diameter from 5 to 8 mm. It was believed that when the bolt-shaft diameters (5 and 8 mm) were smaller than the cell diameter (12.7 mm) of honeycombs, the effect of bolt size on the enhancement of interfacial contact was less pronounced than that of the number of bolts. Fig. 8 also indicates that for the honeycomb with d c ¼ 12:7 mm, regardless of the joint pattern, the total conductance is almost independent of the bolt torque between 1 and 3 N m. Fig. 9 shows the effect of specimen height on the total thermal conductance of axial honeycombs. It was evident in Fig. 9 that under the same joint condition the increase in the specimen height leads to a decrease of total conductance. This result can be explained by the increase in thermal resistance of honeycombs (R HC ) with increasing specimen height (H z ), thus leading to a decrease of the total thermal conductance. For the honeycomb with d c ¼ 6:3 mm, the total conductance of honeycombs of H z ¼ 7:8 mm increases with increasing torque, but this dependency diminishes for the specimens with H z ¼ 14:8 mm. This result suggests that a better contact through the increase in applied torque contribute little improvement of the heat transfer through an axial honeycomb with H z ¼ 14:8 mm. This could also mean that for the honeycomb with H z ¼ 14:8 mm the total thermal resistance should be largely dominated by the resistance of honeycomb itself (R HC ).
Lateral total thermal conductance
The total thermal conductance (h t;y ) in the lateral direction of honeycombs with d c ¼ 6:3 mm is shown in Fig. 10 as a function of the specimen height (H y ) . It should be noted that for lateral heat transfer tests the honeycomb specimens were sandwiched by two aluminum blocks without any bolts to tighten the whole assembly. In this study, the height of lateral honeycomb specimens was measured by the cell diameter (d c ) of honeycombs. Measured data, plotted in Fig. 10 , represent four different heights (H y ) with the dimensions equal to 1, 1.5, 2, and 2.5 cell diameters, respectively. It was found that the lateral total conductance decreases with increasing specimen height, since the thermal resistance of honeycombs (R HC ) increases with the height. The effect of specimen orientation could be examined by a comparison of the results in Fig. 10 with those in Fig.  7 . Obviously, the total conductance of honeycombs in the axial direction was considerably higher than that in the lateral direction. This could be attributed to the higher effective thermal conductivity of axial honeycombs, as well as by the lower thermal contact resistance of axial honeycombs due to a bolt joint. Fig. 11 shows the total thermal resistance (R t ) and thermal contact resistance (R c ) of axial honeycomb specimens with d c ¼ 6:3 mm and H z ¼ 7:8 and 14.8 mm. The total resistance is appreciably higher than the contact resistance. For the honeycomb specimens with H z ¼ 7:8 mm, even though the contact resistance decreases substantially with the increasing torque, this decline only contributes a slight decrease of the total resistance. For the specimens with H z ¼ 14:8 mm, it was believed that the influence of bolt torque on the interfacial contact becomes less notable, thus resulting in a slightly random variation of contact resistance with the torque. Fig. 12 presents the axial data of thermal total resistance and contact resistance for the honeycomb specimens with d c ¼ 12:7 mm and H z ¼ 7:8 and 14.8 mm. The total thermal resistance of honeycomb with d c ¼ 12:7 mm is about an order of magnitude larger than the contact resistance. As shown in Fig. 12 , the values of contact resistance for different specimen heights and joint patterns seem to be in the range between 0.2 and 0.4 m 2 K/kW. This implies that for the honeycomb with d c ¼ 12:7 mm the interfacial contact was not substantially affected by the joint pattern or specimen height. Therefore, the contribution of the axial Fig. 10 . Effects of specimen height on the lateral total thermal conductance of honeycombs. contact resistance to the total resistance becomes less significant for the honeycomb with a greater height.
Thermal contact resistance
The lateral data of thermal total resistance and contact resistance for the honeycomb specimens with d c ¼ 6:3 mm was plotted in Fig. 13 . It is evident that even though the total resistance decreases with the increasing height of honeycombs, the contact resistance remains nearly the same. The constant value of lateral contact resistance further confirms a consistent interfacial contact condition between the honeycomb specimen and aluminum blocks for all of the lateral tests conducted in this study. Unlike the axial results discussed in Figs. 11 and 12 , the lateral contact resistance of honeycombs plays an important role in the total resistance, especially for the specimen with a small height. Even for a lateral specimen with a height equal to two and a half cell size (2.5d c ), the sum of upper and lower contact resistances could account for %45% of the total resistance. For the sandwiched honeycomb with a lateral height of H z ¼ d c , the total thermal resistance was mainly dominated by the contact resistance, as shown in Fig. 13 .
Interfacial contact pressure of bolt-joined honeycombs
The interfacial contact pressures of axial honeycombs under different bolt-joined conditions were measured by the pressure-measuring films. The deduced average contact pressures (P c ) as a function of joint conditions for the honeycombs with d c ¼ 6:3 and 12.7 mm are shown in Figs. 14 and 15, respectively. As shown in Figs. 14 and 15, the interfacial contact pressure increases with the applied torque on bolts. In addition, the double of the number of bolts ðN Þ leads to an observable increase in the contact pressure. The contact pressure also increase with the increase of bolt-shaft diameter ðDÞ from 5 to 8 mm. However, in this study, the effect of bolt size on the contact pressure is not as significant as that of the number of bolts. Based upon the bolt-joined conditions, the empirical correlations between contact pressure and applied torque were expressed in the form of 
Measurement uncertainty
Experimental uncertainties in the measured data, including total thermal conductance and contact resistance, result from errors in the measurement of effective thermal conductivity (k eff ) of honeycombs, temperature drop (DT ) and heat flux (q) across the honeycomb specimen. The standard deviations of measured effective thermal conductivities are listed in Table 2 , and the data uncertainty is about AE5%. The uncertainty in the temperature drop across honeycomb specimens is around AE1%, which is associated with the standard uncertainty of K-type thermocouples (0.5°C), the error of data acquisition system (0.5°C), and the uncertainty of thermocouple position (0.05 mm) in test specimens. The uncertainty in q was introduced by the uncertainty in the thermal conductivity of aluminum blocks (which was AE3.2%), and the deduced temperature gradients, which were known to an accuracy of AE6.5% [17] . It is useful to note that the heat conduction through the bolts is negligible, due to the small area and low thermal conductivity. The natural convection in the enclosures of honeycomb cells is also negligible in this study. This is because the estimated Nusselt number and heat convection coefficient for the natural convection in honeycomb cells of d c ¼ 12:7 mm are around 2.0 and 5.32 W/ m 2 K, respectively [20] . As a result, the calculated heat flux by the natural convection is about 0.08 kW/m 2 , which is much less than the heat flux (about 4-6.5 kW/ m 2 ) across the honeycomb. Based upon the uncertainty analysis proposed by Kline and McClintock [21] , the average overall uncertainty of the data presented in this study was 8.5%.
Practical significance/usefulness
This research was motivated by the lack of measured heat conduction properties of aluminum honeycombs. The results presented in this paper represent the first set of experimental data in thermal total conductance and contact resistance of aluminum honeycombs with the bolted joint. A series of measured data obtained in this study provides not only a better understanding of thermal conductance and contact resistance of honeycomb sandwich specimens, but also a database for practical applications. It is believed that these data will be also highly beneficial for the development and validation of theoretical models. Furthermore, the formulas used for the calculation of effective thermal conductivity of honeycombs were justified by the measured results in this study.
Due to the differences in material properties, geometric configurations, mounting patterns, junction characteristics, and specimen orientations, the scope of thermal contact resistance is very broad and complex. The results discussed in this paper point out the degree of contribution of the contact resistance to the total resistance for various honeycomb specimens and different joint conditions. This information provides thermal engineers a guideline to estimate the total thermal resistance, based upon the calculated effective thermal conductivity and the known honeycomb specification.
Conclusions
Based upon the experimental measurement and data analysis conducted in this study, several important results are summarized below.
1. The anisotropic nature of honeycombs in heat conduction was experimentally observed in this study. The effective thermal conductivity in the axial direction of honeycombs is larger than that in the lateral direction. 2. The influence of the bolt torque on the axial total conductance was observed only for the honeycomb with d c ¼ 6:3 mm and H z ¼ 7:8 mm. For the specimens with a larger cell diameter (d c ¼ 12:7 mm) or axial height (H z ¼ 14:8 mm), the effect of applied torque became insignificant. 3. The axial total conductance of honeycombs increases with a decrease of either the cell size or specimen height. The effect of the number of bolts used in the assembly of honeycomb specimens on the axial total conductance is more appreciable than that of the bolt size. 4. Due to the anisotropic nature in heat conduction of honeycombs and the close contact provided by the bolted joints, the total conductance in the axial direction of honeycombs is greater than that of the lateral orientation under the condition with the same specimen height. Moreover, the lateral total conductance decreases with increasing specimen height. 5. The thermal contact resistance of axial honeycombs tested in this study, in general, is about an order of magnitude smaller than the total thermal resistance. Therefore, although the axial contact resistance of the honeycomb with d c ¼ 6:3 mm and H z ¼ 7:8 mm decreases considerably with increasing bolt torque, this decrease of contact resistance only results in a slight decrease of the total conductance. 6. Due to the difference in the specimen joint conditions, the thermal contact resistance between an aluminum surface with a lateral honeycomb is larger than that with an axial honeycomb. However, the total resistance in the lateral direction is smaller than the axial total resistance because of the anisotropic nature of honeycombs. Therefore, the lateral contact resistance of honeycombs plays an important role in the total resistance, especially for the specimen with a small height. 7. The interfacial contact pressures of bolt-joined honeycombs were measured by the pressure-measuring films. The contact pressure increases with the applied torque on bolts. In addition, either the double of the number of bolts or the increase of bolt-shaft diameter leads to an increase in the contact pressure. The empirical correlations between contact pressure and applied torque were also obtained for different joint conditions.
